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(54) Low modulus, biocompatible titanium base alloys for medical devices 



(57) Biocompatible titanium base alloys for medical 
devices which are intended to remain on or In a living 
human being for an extended period of time, such as sur- 
gical and medical implants. The alloys are free from toxic 
elements such as Al, Ni, Co, Fe, Cr, Mo, and W. They 
are quaternary alloys of Ti with between about 2.5% up 
to 13% Zr. about 20% to about 40% Nb. about 4.5% to 



about 25% Ta. all percentages being by weight, the bal- 
ance being Tl and the total of Ta plus Nb being between 
alx)ut 35% and 52% by weight. The ration of Nb/Ta is 
between 2 and 1 3. These alloys may also contain limited 
amounts of non-toxic interstitial elements, such as C, N, 
and O. The relative proportions ot Ti, Zr, Ta, and Nb are 
such that the nrKxJulus of elasticity is below 65 GPa. 
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Description 

Th present invention relates to biocompatible titanium base alloys which exhibit a low modulus ot elasticity. 
More particularly, the invention r lates to biocompatible titanium base alloys with niobium, tantalum, and zirconium 
5 in such relative proportions that the resulting alloys are ductile and exhibit a stable beta (BCC) morphology, a modulus 
of elasticity below 70 GPa. and a tensile strength of at least 80.000 psi. 

This invention relates to a family of quaternary titanium base alloys, which are composed c* biocompatible elements 
and are free from toxic metallic elements such as Al, Fe, Ni, Co, Cr. Mo. or W. and are therefore useful in medical devices 
which are Intended to reside on or in the human body for an extended period of time. One such device is a surgical 
10 implant, and for the purpose of illustration, the invention will be described for such a use, although it is to be understood 
that the alloys nrtay have other utility, both medical and non-medical, by virtue of their chemical and physical properties. 

For surgical implants it is essential that the alloys be free of elements which are tc»cic to human beings, and be 
composed entirely of elements which are biocompatible with human tissues. It is also desirable that the alloys are ductile 
and possess a tow nrxxJulus of elasticity comparable to that of bones in the human body. 
IS Biocompatible titanium base alloys are described in a number of United States Patents including the following: 



Steinemann et al 4.040.1 29 Issued August 09. 1 973 

Wang et al 4,857,269 issued August 1 8. 1 989 

Wang et al 4.952.236 issued August 28. 1 990 

and Davidson et al 5,169.597 issued Decenr^er 02, 1992. 



The disclosures of these patents are incorporated in this application as representing the state of the art to which 
this invention relates and for their descriptions of such prior art. 

The present invention is an improvement over the alloys described in the above noted patents insofar as it provides 
novel fully biocompatible alloys with a low modulus of elasticity. 

In the Steinemann et al patent the toxicity of various elements are discussed and alloys of titanium and/or zirconium 
containing 3 to 30% by weight of at least one member selected from the group consisting of Nb. Ta. Cr. Mo, and Al are. 
described. Several a-p alloys are described along with a number of alloys containing Al. f^, and Cr. No quaternary 
alloys of Ti. Nb. Ta, and Zr are descrbed. The presence of Al, Cr, or Mo is undesirable because of their toxicity when 
the alloys are utilized in medical devices, such as surgical implants. The alloys of the present invention do not contain 
any Al, Cr, or Mo. 

The alloys described in the two Wang et al patents contain an amount up to 3% of at least one eutectoid beta 
stabilizer selected from the group consisting of Fe, Mn, Cr, Co, and Ni. each of which is orders of magnitude more toxic 
than Tl, Zr, Nb, or Ta. The alloys described in these patents possess a modulus of elasticity (E) of 66.9 to 1 00 GPa with 
most of the alloys exhibiting a modulus of elasticity between 75 and 1 00 GPa. Unlike the alloys of Wang et al. the alloys 
of the present invention do not contain any of the toxic eutectoid stabilizers required by Wang et al. 

Two specific alloys are described in Davidson et al 5,169.597: namely, a Ti-13Zr-l3Nb and a Tl-18Zr-6Nb alloy. 
These alloys exhibit a nruxlulus less than 85 GPa, and desirably between 60 and 85 GPa The alloys of the present 
invention differ from those in Davidson et al, by having lower Tl and Zr contents and a content of Ta plus Nb which results 
in low moduli of elasticity. 

One object of the present invention is to provide new and Improved alloys for medical devices intended to remain 
on or in a living human body for an extended period of time. 

A further object is to provide new and Improved biocompatible titanium base alloys which possess moduli of elasticity 
below about 65 GPa, and preferably between 50 and 60 GPa. 

Another object is to produce biocompatible titanium base alloys of Ti, Nb, Ta, and Zr exhibiting a nrxxiulus of elasticity 
below 65 GPa. 

A further object of the invention is to provide surgical Implants composed of the novel alloys of this Invention. 

Still a further object of the invention, is to provide titanium base alloys consisting essentially of between about 2 and 
about 9 atomic percent Zr and between about 22 and 30 atomic percent of Nb plus Ta and the balance Ti, with the atomic 
ratio of Nb to Ta between 2 and 16. Stated in weight percent, the alloys of this invention comprise between about 2.5 
up to 1 3% Zr. 20 to 40% Nb, 5 to 25% Ta, the total of Nb and Ta being between about 36.5 and 47%, the balance being Tl. 

A further object Is to provide biocompatible P stable titanium base alleys of Ta, Nb. and Zr which are isotropic when 
solution annealed. 

According to the invention, there Is provided a medical device fabricated from an isotropic, biocompatible titanium 
alloy consisting essentially of between 2.5% and 1 3% by weight Zr, between 20% and 40% by weight Nb, between 4.5% 
and 25% Ta. and the balance Ti, with the weight of Nb plus Ta being between 35% and 52%. the ratio of Nb/Ta being 
between 2 and 13, and th relative proportions of Ti, Zr. Ta, and Nb being such that the modulus of elasticity is below 
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about 65 GPa. 

For a better understanding of the invention, and to show how It nnay be brought into effect, reference is made to the 
following description, taken in conjunction with the drawing which Is a diagram showing moduli of elasticity for Ti base 
alloys containing Zr. Nb. and Ta The single figure is based on the alloys set forth in Tables 1 and 2 below: 



Chemical composHioni of altoys in ^lomlc percent. 
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Alloy « 


Analyzed content 


Nb*Ta 


NbTTa 


Elastic ^ 


•Modulus* 


GPa tlOVo 


mpsi tlOV. 
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Ti-l7.4Nb-8.ITaO.4Zr 
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TA5(T.I0« 


Ti-l7.3Nb-7.2Ta-3.42r 


24.3 


2.4 
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24.3 
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4.6 
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IS 
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27 1 
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ri-2l.8Nb-4 5Ta-9 iZr 
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Chemical composilions of nlloys in Mcighl perceni 
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8Nb.6 5Ta.| I 02f 
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rolled bar. ♦ Tot?i in[cf$titial conie<i( (0*N*C} 0.437 wi% 



All %\\oy% except ihose having names er.dmg Mith le<(cr H and EaH have a loial inierstilial contenl of O.OS wt^. 



Tables 1 and 2 describe alloys ot the present invention prepared from pure elemental metals which were melted in 
either an arc or plasma furnace to form the desired composition. The resulting ingot may be forged or machined to the 
shape of the device In which the alloy is to be used. Solution heat treatment to ensure an all p structure, or a combination 
ss of heat treatment and/or working may be employed to produce an a-P alloy if such is desired. 

Without adversely affecting their low modulus of elasticity, the blooompatlble titanlum-zlrconlum-nlbblum-tantalum 
alloys of this invention may also include one or more non-toxic Interstitial elements (C,N. and O) for the beneficial effects 
these elements have on the physical properties of the alloys. The total amo unts of these elements which may be added 
to the alloys of this invention should not exceed 0.5% by weight. 
30 The drawing is a plot of nrxxJuli of elasticity for the titanium tiased^alloys of Tables 1 and 2 v^th 2 to 9 atomic percent 

Zr, 22 to 27 atomic percent Ta plus Nb. and various atomic ratios of NbfTa between 1.9 and 16. 

Referring now to the drawing, it will be seen that the quaternary alloys of the present invention contain between 2 
and 9 atomic percent Zr. Nb/ta ratios from 1 .9 to 1 6, and exhibit nxxlull of elasticity between 47. 1 and 66.4 GPa Par- 
ticularly preferred alloys are those with the lowest moduli of elasticity, as shown on the graph. Three such preferred 
36 alloys described in the tables are TA5, TA7, and TA22 with the following compositions, in weight percent: 
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23.8 Nb 


21.6Ta 


4.6 Zr 


balance Ti 


29.2 Nb 


12.4Ta 


7.1 Zr 


balance Ti 


35.3 Nb 


5.7 Ta 


7.3 Zr 


balance Ti 



It should be noted that superconducting alloys of Ti containing one or more of the elements Ta, Nb, and Zr are 
described in Collings "Sourcebook of Titanium Alloy Superconductivity' published by Plenum Press, New York and 
London (1 983), and in German Often legungschrift 2 350 1 99. Nowhere in these disclosures is there any suggestion that 
the superconductive alloys would be useful in medical devices in which a low modulus of elasticity would be a desirable 
property. 

Implants fabricated from the alloys of this invention may be coated or given other surface treatments such as pas- 
sivation to enhance their utility. 

Having now described preferred embodiments of the invention it is not intended that it be limited except as required 
by the appended claims. 



Claims 

1 . A medical device fabricated from an isotropic, biocompatible titanium altoy consisting essentially of between 2.5% 
and 13% by weight Zr. between 20% and 40% by weight Nb. between 4.5% and 25% Ta. and the balance Ti, with 
the weight of Nb plus Ta being between 35% and 52%, the ratk) of Nb/Ta being between 2 and 1 3, and the relative 
proportions of Tt, Zr. Ta. and Nb being such that the modulus of elasticity Is below about 65 GPa, 
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2. The invention of Claim 1 in which the alloy consists essentially of 29.2% Nb, 12.4% Ta. 7.1% Zr, by weight, and the 
balance Ti. 

3. The invention of Claim 1 in which the alloy consists essentially of 23.8% Nb. 21 .6% Ta. 4.6% Zr. by weight, and the 
ba^ce Tl. 

4. The invention of Claim 1 in which the alloy consists essentially of 35.3% Nb, 5.7% Ta, 7.3% Zr, by weight, and the 
balance Ti. 

5. The invention of Claim 1 in which the Nb is 35.3% by weight, the Ta is 5.7% by weight, the Zr is 7.3% by weight, 
and the balance Is Tl. 

6. The invention of Claim 1 in which the Nb plus Ta content Is between 38% and 46% by weight. 

7. The invention of Claim 1 in which the Ti content is between 46% and 58% by weight. 

8. The invention of Claim 1 in which the alloy contains up to 0.5% by weight total of at least one interstitial element 
selected from the group consisting of C, N, and O. in addition to the Ti, Zr, Nb, and Ta. 

9. The invention of Claim 1 wherein the medical device is a surgical implant. 

10. The Invention of Claim 1 wherein the medical device is a prosthetic implant 

11. The invention of Claim 1 in which the eilloy consists essentially of between about 2 atomic percent and 9 atomic 
percent Zr, between at>out 24 atomic percent and 30 atomic percent Nb plus Ta, and the balance Ti, with the atomic 
ratio of Nb/Ta being between 1 .9 and 16. 

12. The invention of Claim 1 in which the alloy has been solution annealed. 

13. The invention of Claim 1 in which the Zr content is between about 4 atomic percent and about 7 atomic percent, 
the Ta plus Nb content is between about 22 atomic percent and 28 atomic percent, and the nrKxIulus of elasticity is 
bebw about 58 GPa. 

14. The invention of Claim 1 in which the Nb/Ta atomic ratio Is between about 4 and 6. 
16. The invention of Claim 1 in which the Nb/Ta atomic ratio is between about 10 and 14. 

16. The invention of Claim 1 In which the modulus of elasticity is below 57 GPa, as shown in the accompanying figure. 
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Elastic Modulus ( GPa ) 
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